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(57) Abstract 



A mixture of at least one thermal carbene-free ruthenium catalyst A and at least one thermal ruthenium carbene catalyst B, both of 
which initiate the ring-opening metathesis polymerisation cm their own, said catalysts being present in a weight ratio of A to B from 10: 1 to 
1:10. By adding this mixture even in small amounts, the ring-opening metathesis polymerisation of strained cycloolcfins can be effectively 
catalysed. 
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Catalyst mixture and polvmerisab le composition. 

The present invention relates to a mixture consisting of at least one thermal ruthenium cata- 
lyst A and at least one ruthenium carbene catalyst B, both of which initiate the ring-opening 
metathesis polymerisation on their own, said catalysts being present in a weight" ratio of A to 
B fromlO :1 to 1:10; to a composition consisting of at least one strained cycloolefln and a 
catalytically effective amount of the ruthenium catalyst mixture; to a process for the polyme- 
risation of strained cydoolefins; to shaped articles of polymers of said composition and to 
the use of the ruthenium catalyst mixture for the ring-opening metathesis polymerisation of 
strained cydoolefins. 

The ring-opening metathesis polymerisation of strained cydoolefins such as norbornene 
with catalysts selected from the ruthenium compound group is known and has been 
repeatedly described in the literature. 

A. Demonceau etal. in J. Mol. Catal. 76:123-132 (1992), for example, describe ruthenium 
compounds as suitable metathesis polymerisation catalysts of e.g. norbornene, where the 
reactivity can be increased by the addition of diazo esters. 

In Tetrahedron Letters 52:4589-4592 (1977), C. Tanelian et al. report that the ruthenium 
compound RuCfe[P(C«Hs)3]3 is a suitable catalyst for the metathesis polymerisation but that 
it is deactivated by dicyclopentadiene and then no polymers are formed. 

WO 93/201 1 1 proposes the use of ruthenium compounds with phosphine ligands, for 
example [(H s Ce)aP]2CI 2 Ru=CH-CH=C(C6Hs)2, as thermal catalysts for the ring-opening meta- 
thesis polymerisation of strained cydoolefins, where cyclodienes such as dicyclopentadiene 
act as catalyst inhibitors and therefore cannot be polymerised. These "metal carbenes" are 
sparingly soluble compounds, so that the polymerisations are only possible in polar and, 
where appropriate, protic solutions. The same catalysts are described by S. Kanaoka in 
Macromolecules 1995, 28, pages 4707 to 4713 under the same conditions of solution 
polymerisation for the preparation of copolymers with silicon-containing norbornene 
derivatives. 
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ln Polym. Prepr. 1995, 36, pages 237 to 238, C. Fraser et al. describe ruthenium carbenes 
having a Ru=CH-CeH 8 group which are effective catalysts for the metathesis polymerisation. 
A substantial disadvantage of these catalysts is their high reactivity which makes it neces- 
sary to process polymerisable compositions directly after the components are mixed. 

WO 95/07310 describes a ring-opening photopolymerisation of strained cycloolefins under 
the action of ruthenium compounds with photolabile ligands as catalysts. After being 
irradiated, these catalysts can also be used as thermal catalysts. 

Carbene-free ruthenium catalysts normally must be used In amounts of more than 0.3 % by 
weight, and ruthenium carbene catalysts normally must be used in amounts of more than 
0.1 % by weight, based on the cycloolefin, in order to obtain, within reasonable polymerisa- 
tion times, well polymerised shaped artices having good mechanical and physical proper- 
ties. If lower amounts are used, the polymerisation is not complete anymore which can be 
detected by the inherent smell of the monomers used and their bad physical and mechani- 
cal properties. It is not possible to prepare useful shaped articles using such low amounts. 

The ruthenium catalysts are expensive and their use in higher amounts as catalysts is 
uneconomical. Another disadvantage is that the use of high amounts of catalysts also leads 
to high amounts of ruthenium residues in the polymers, which is undesirable for toxic 
reasons, adversely affects the stability of the polymer and must be avoided in particular 
where there is contact with electrical or electronic components. 

Surprisingly, it has now been found that the high reactivity of the ruthenium carbene cata- 
lysts can be reduced, a latency of polymerisable compositions can be achieved and, within 
a specific scope, even the reactivity can be adjusted, which obviates Immediate processing 
owing to the improved storage stability achieved, if mixtures consisting of carbene-free (a) 
ruthenium catalysts and (b) ruthenium carbene catalysts are used. It has also, surprisingly, 
been found that despite their latency, the catalyst mixtures have very high reactivity and 
that therefore the mixture can be used in substantially lower, and accordingly in more eco- 
nomic, amounts than the individual components, still giving polymers having comparable 
physical and mechanical properties. Furthermore, the metal cont nt in the polymers can be 
reduced in this manner, which enhances the properties of th polymer and which also p r- 
mits applications in contact with electrical or electronic components. The described effects 
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are particularly pronounced when mixtures consisting of carbene-free (a) ruthenium 
catalysts with phosphine ligands substituted by sterically demanding hydrocarbon radicals, 
and with (b) ruthenium carbene catalysts are used.. It has also been found that ruthenium 
compounds which do not initiate the polymerisation when used in high amounts of e.g. 0.5 
% by weight, result in useful shaped articles if they are added in smaller amounts in 
admixture with ruthenium carbene catalysts. 

In one of its aspects, this invention relates to a mixture of at least one thermal carbene-free 
ruthenium catalyst A and at least one thermal ruthenium carbene catalyst B, both of which 
initiate the ring-opening metathesis polymerisation on their own. said catalysts being 
present in a weight ratio of A to B from 10:1 to 1:10. 

Within the scope of this invention, thermal signifies that the ring-opening metathesis poly- 
merisation is initiated by the catalysts under the action of heat. 

The weight ratio of A to B is preferably from 8:1 to 1 :2, more preferably from 6:1 to 1 :1 . 
particularly preferably from 5:1 to 1:1 and, most preferably, from 3:1 to 1:1. 

The carbene-free ruthenium catalysts A may be compounds having one (mononuclear) or 
two (binucluear) ruthenium atoms. The binuclear ruthenium compounds may typically be 
those of formula XI 



Ru v Ru (*•)■ 

Too, V ) 



Xoo, Xoot 



wherein X™ is CI, Br or I, preferably CI. and Tooi is unsubstituted or CrC e alkyl-substituted 
Ce-Cwarene or C4-Ci7heteroarene. 

Ar ne preferably contains 6 to 12 carbon atoms and heteroarene preferably contains 4 to 
10 carbon atoms and 1 or 2 net ro atoms selected from the group consisting of 0. N and S 
in one or s vera! rings. Arene and heteroarene can b monocyclic or condensed rings. 
Typical examples of alkyl substituents are methyl, ethyl, n- and i-propyl. n-. i- and t-butyl. 
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Typical examples of arenes are benzene, toluene, xylene, cumene, naphthalene, anthra- 
cene, naphthacene. chrysene and biphenyl. Typical examples of heteroarene are furan, 
thlophene, benzofuran, benzothiophene, pyrrole and pyridine. 

Of the thermal ruthenium catalysts, those are particularly suitable and preferred that contain 
phcsphine ligands. Particularly preferred are divalent-cationic ruthenium compounds con- 
taining at least one phosphine group and a total of 2 to 5 ligands bonded to the ruthenium 
atom and which contain acid anions for charge equalisation. 

In the ruthenium compounds for use according to this invention a monophosphine can be 
bound to the metal atom once, twice or three times, and a diphosphine can be bound to the 
metal atom once. In these ruthenium catalysts a total of preferably 1 to 4, more preferably 1 
to 3 and, particularly preferably, 2 ligands are bonded. The phosphine ligands preferably 
conform to formulae VII and Vila 

PRaeRzrRa ^0. 

RaeR^P-ZrPRaRtf (VHa) ' 

wherein Ras. R» and R» are each independently of one another H, Ci-Caoallcyl, C,-C»- 
alkoxy; C 4 -Ciacycloalkyl or cycloalkoxy which is unsubstituted or substituted by C-Cealkyl, 
C-Cahaloalkyl or C-Cealkoxy, or CVCiearyl or Ce-C 16 aryloxy which is unsubstituted or sub- 
stituted by C-Cealkyl, C-Cehaloalkyl or d-Cealkoxy, or CrCisaralkyI or CrCiearalkyloxy 
which is unsubstituted or substituted by C-Csalkyl. C^haloalkyl or C-Cealkoxy; R* and 
Rar together are tetra- or pentamethylene or tetra- or pentamethylenedioxyl, each of which 
is unsubstituted or substituted by C-Gralkyl, C-Cehaloalkyl or C,-Cealkoxy, or tetra- or 
pentamethylene or tetra- or pentamethylenedioxyl, each of which is unsubstituted or 
substituted by C-Csalkyl, C-Cehaloalkyl or C,-C r alkoxy and condensed with 1 or 2 1 ,2- 
phenylene, or tetramethylenedioxyl which is unsubstituted or substituted by C-Cealkyl. d- 
Cehaloalkyl or C-Calkoxy and condensed in the 1 ,2- and 3,4-positions with 1 ,2-phenylene, 
and R2a is as defined above; and 

Z, is linear or branched, unsubstituted or C-Calkoxy-substituted CrC 12 a!kylene, unsub- 
stituted or C,-C4alkyl- or CrCalkoxy-substituted 1,2- or 1,3-cycloalkylene of 4 to 8 carbon 
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atoms, or unsubstituted or C^alkyl- or C,-C«alkoxy-substituted 1 ,2- or 1 ,3-heterocyclo- 
alkylene having 5 or 6 ring members and a hetero atom selected from the 0 or N group. 

R 26 . R27 and R 28 are preferably identical. Particularly preferred are also sterically demanding 
radicals, typically branched, preferably a-branched alkyl, or cyclic radicals. Hydrocarbon 
radicals are also particularly preferred. Preferred phoshines are those of formula VII, which 
are tertiary phosphines, and diphosphines of formula Vila, which are ditertiary diphos- 
phines. 

Rm, R27 and Ra defined as alkyl may be linear or branched and may contain preferably 1 to 
1 2, more preferably 1 to 8 and, particularly preferably, 1 to 6 carbon atoms. Illustrative 
examples of alkyl are methyl, ethyl, n- and i-propyl, -n-, i- and t-butyl, the isomers of perttyi, 
hexyl, heptyl, octyl, nonyl, decyt, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexa- 
decyl, heptadecyl, octadecyl and eicosyl. Preferred examples are methyl, ethyl, n- and i- 
propyl, n-, i- and t-butyl, 1-, 2- or 3-pentyl and 1-, 2-, 3- or 4-hexyl. 

If R». Ra? and R» are substituted, the substituents are preferably C,-C 4 alkyl, Ci-C 4 haloalkyl 
or d^alkoxy. Halogen is preferably CI and, particularly preferably, F. Typical examples of 
preferred substituents are methyl, methoxy, ethyl, ethoxy and trifluoromethyl. R». R27 and 
Ra are preferably substituted one to three times. 

Ra, Rz, and Ra, defined as cycloalkyl are preferably Cs-Cecycloalkyl and, particularly 
preferably, C r or Ccycloalkyl. Some examples are cyctobutyl, cycloheptyl, cyclooctyl and, 
preferably, cyciopentyl and cyclohexyl. Typical examples of substituted cycloalkyl are 
methyl-, dimethyl-, trimethyl-, methoxy-, dimethoxy-, trimethoxy-, trifluoromethyl-. 
bistrtfluoromethyl and tristrifluoromethylcyclopentyl and -cyclohexyl. 

Rae, Rw and Ras defined as aryl are preferably C 6 -C 12 aryl and, particularly preferably, phenyl 
or naphthyl. Typical examples of substituted aryl are methyl-, dimethyl-, trimethyl-. meth- 
oxy-, dimethoxy-, trimethoxy-, trifluoromethyl-, bistrifluoromethyl- and tristrifluoromethyl- 
phenyl. 

Rae, Ra? and Rm defined as aralkyl are preferably CrC 13 aralkyl, the alkylene group in aralkyl 
preferably being methylene. Aralkyl is particularly preferably benzyl. Illustrative examples of 
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substituted aralkyl are methyl-, dimethyl-, trimethyh methoxy-, dimethoxy-, trimethoxy-, 
trifluoromethyl-, bistrifluoromethyl- and tristrifluoromethylbenzyl. 

Illustrative examples of tetra- and pentamethylene which are bonded to the P atom and 
which are unsubstituted or substituted or condensed, are 

i 

6- 6- 8- cPo- 

Other suitable phosphines are cydoaliphates which are brigded with a =PR« group 
containing 6 to 8 ring carbon atoms, for example 

wherein R. is C-C^alkyl, preferably d-daalkyl, particularly preferably C-Cealkyl, cyclo- 
hexyl, benzyl, or phenyl which is unsubstituted or substituted by 1 or 2 C,-C 4 alkyl- 

2, defined as linear or branched alkylene Is preferably 1 ,2-alkylene or 1 ,3-alkylene of 
preferably 2 to 6 carbon atoms, typically ethylene, 1 ,2-propylene or 1 ,2-butylene. 

Typical examples of 2, defined as cycloalkylene are 1,2- and 1,3-cyclopentylene, and 1 ,2- 
or 1 ,3-cyclohexylene. Typical examples of 2, defined as heterocycloalkylene are 1 ,2- and 
1 ,3-pyrrolidine, 1 ,2- and 1 ,3-piperidine, and 1 .2- and 1 ,3-tetrahydrofuran. 

In a preferr d embodiment of this invention, th phosphln ligands conform to formula Vll, 
wherein Ft*, R 27 and Ft* are each independ ntly of one another H, d-Csalkyl, unsubstitu- 
ted or C r C4all<yl-substituted cyclopentyl or cyclohexyl, or phenyl which is unsubstituted or 
substituted by C,-C 4 alkyl. C^alkoxy or trifluoromethyl, or b nzyl which is unsubstituted c 
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substituted by C,-C4alkyl, C,-C 4 alkoxy or trifluoromethyl. Particularly preferred exampl s of 
phosphine ligands of formula VII are 

(C 6 H S )H2P. (3-CH3-6-t-C«H 9 -C6H3)3P. (3-C8 3 -6-t-C48 9 -C 6 8 3 ) 3 P, 
PH 3 . (2,6-Di-t-C4He-C6H 3 )3P, (2,3-DH-C48 9 .C68 s )3p, (2,4-Di-t-C4H 9 -C 6 H 3 ) 3 P, 
(2,4-Di-CH 3 -C6H 3 )3P, (2,6-Di-CH3-C6H 3 j 3 P, (a^Ha^^He-CaHa^P, (CH 3 ) 3 P, . 
^-i-CaHrCeW. (3-i-C3H r C 6 H4)aP, (4+CrfVC«H4)sP, (2-n-C4H 9 -C 6 H 4 )aP, 
(S-n-C^s^WsP. (4-n-C4H 9 -C6H4) s P, (2-i-C4H 9 -C6H4) 3 P. (3-i-C4H 9 -C6H 4 ) 3 P, 
(4-i-C4HrC6H4)aP. p-t-C^s-CjHdaP. (34<*HV<WaP. (^K^-CyiOaP, 
i+CWCJW, (3-n-C 3 H r C 6 H 4 )3p. p-n-CsHr^HOaP, (4-n-C 3 H r C 6 H 4 )3P, 
(CaH&HP, (3-CH 3 -C e H4) 3 P, (4-C8 3 -C684)3P. (2-0285-0684)3?, (S-C^s-CWaP. 
O-C^t^P, (n-C48 8 )H 8 P, (0685082)28?. (C686C82)8 2 P, frCMrWU. (C^sJaP. 
(C 5 8 n1 )H 2 P, tG«H«CHa)rf\ (n-C3H 7 )28P, frG>H,)aHP. (n-C4H 9 ) 2 HP. (n-C3H7)8 2 P, 
(0285)82?, (058,,),?, (C68 8 )28P. (C88„)28P. (n-CaH 7 )aP, O-C^aP, (n-C 4 8 9 )3P, 
(C8 3 ) 8 8P, (0285)3?. (CMP, (C 6 8 11 )28P. (Cs8 9 )3P. (C 6 8 9 ) 2 8P and (C8 8 )8 2 P. 

Particularly preferred phosphines are triphenylphosphine, trl-j-propylphosphine, tri-t-butyl- 
phosphine, trlcyclopentylphosphlne and trlcyclohexylphosphine. 

Ligands for the ruthenium compounds to be used according to this Invention are organic or 
inorganic compounds, atoms or ions which are coordinated to a metal centre. 

Within the scope of this invention, it is particularly convenient to use those ligands which are 
selected from a group of ligands (A) consisting of nitrogen (N2); monocyclic, polycyclic or 
condensed arenes which are unsubstituted or substituted by 08, d-Calkyl. C,-C4alkoxy, 
Cs-Cizaryl or halogen and containing 6 to 24, preferably 6 to 18 and, particularly preferably, 
6 to 12, carbon atoms; monocyclic heteroarenes which are unsubstituted or substituted by 
Ci-C 4 alkyl, CrC^lkoxy or halogen; condensed heteroarenes; condensed arene/ hetero- 
arenes containing 3 to 22, preferably 4 to 16 and, particularly preferably, 4 to 10, carbon 
atoms, and 1 to 3 hetero atoms selected from the group consisting of O, S and N; and 
aliphatic, cycloallphatic, aromatic or araliphatic nitriles which are unsubstituted or substitu- 
ted by C,-C4alkyl, C-C^koxy or halogen and containing 1 to 22, preferably 1 to 1 8, particu- 
larly preferably 1 to 12 and, very particularly preferably, 1 to 7, carbon atoms. The preferred 
substituents are methyl, thyl. methoxy, thoxy, fluoro, chloro and bromo. The arenes and 
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heteroarenes are preferably substituted by one to three radicals. Of the heteroarenes the 
electron-rich heteroarenes are preferred. 

Some examples of arenes and heteroarenes are benzene, cumene, biphenyl, naphthalene, 
anthracene, acenaphthene. fluorene. phenanthrene. pyrene. chrysene. flucroanthrene. 
furan, thiophene, pyrrole, pyridine, y-pyran. y-thiopyran, pyrimidine, pyrazine, Indole, couma- 
rone, thionaphthene, carbazoie. dibenzofuran, dibenzothiophene. pyrazole, imidazole, 
benzimidazole, oxazole. thlazole. isoxazole. Isothiazole, quinoline. Isoquinoline, acridine, 
chromene. phenazine, phenoxazine. phenothlazine. trlazines. thlanthrene and purine. 
Preferred arenes and heteroarenes are unsubstltuted or substituted benzene, naphthalene, 
cumene. thiophene and benzothiophene. Arene is very particularly preferably benzene or 
benzene which is substituted by 1 to 3 Ci-C4alkyl such as toluene, xylene, trimethyl- 
benzene. isopropylbenzene. tertiary butylbenzene or cumene. Heteroarene is preferably 
thiophene. 

The nitriles may typically be substituted by methoxy, ethoxy, fluoro or chloro. The nitriles are 
preferably unsubstltuted. The alkyl nitriles are preferably linear. Some examples of nitriles 
are acetonitrile, propionltrlte. butyronltrile. pentylnitrile. hexylnitrile. cyclopentylnrtrile and 
cyclohexylnltrlle. benzonltrile, methylbenzonrtrile, benzyl nttrile and naphthyl nitrile.The 
nitriles are preferably linear C^alkylnitriles or benzonltrile. Of the alkylnltrnes, acetonitrile 
is particulariy preferred. 

In a preferred subgroup, the ligands of the group (A) are N a . benzene, thiophene. benzo- 
nitriie or acetonitrile which are unsubstttuted or substituted by one to three CrC^kyl. 

Where appropriate, further ligands are present, for examples those selected from the ligand 
group (B) consisting of solvatlng inorganic and organic compounds containing the hetero 
atoms O, S or N. which are also often used as solvents; and cyclopentadienyl or indenyl 
which are unsubstituted or substituted by C-Calkyl, C-C.alkoxy, (C^alkyDaSi or <Cr 
C^kyDaSiO-. Typical examples of such compounds ar H 2 0. H£. NH 3 ; unsubstituted or 
haiogenated. preferably fluorinated or chlorinated, aliphatic or cycloaliphatic alcohols or 
mercaptans containing 1 to 1 8. preferably 1 to 1 2 and, particularly preferably, 1 to 6, carbon 
atoms, aromatic alcohols or thiols containing 6 to 18, preferably 6 to 12, carbon atoms, 
araliphatic alcohols or thiols containing 7 to 18, preferaMy 7 to 12, carbon atoms; open- 
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chain or cyclic and aliphatic, araliphatic or aromatic ethers, thioethers, sulfoxides, sulfones, 
ketones, aldehydes, carboxylates, lactones, carboxamides which may be N-C^mono- or 
-dialkylated and containing 2 to 20, preferably 2 to 12 and, particularly preferably, 2 to 6, 
carbon atoms, and lactams which, may be N-C,-C 4 alkylated; open-chain or cyclic and alipha- 
tic, araliphatic or aromatic, primary, secondary and tertiary amines containing 1.to 20, prefe- 
rably 1 to 12 and, particularly preferably, 1 to 6, carbon atoms; and cyciopentadienyls such 
as cyclopentadienyl, indenyl; cyciopentadienyls or indenyis which are methylised or trime- 
thylsilylated once or several times. Typical examples also include allyl, metallyl and crotyi. 

Further examples of the ligands of group (B) are methanol, ethanol, n- and i-propanol, n-, i- 
and t-butanol, 1,1,1-trifluoroethanol, bistrifluoromethylmethanol, tristrifluoromethylmethanol, 
pentanol, hexanol, methylmercaptan or ethylmercaptan, cyclopentanol, cyclohexanol, cyclo- 
hexylmercaptan, phenol, methylphenol, fluorophenol, phenylmercaptan, benzylmercaptan, 
benzyl alcohol, diethyl ether, dimethyl ether, diisopropyl ether, di-n-butyl ether or di-t-butyl 
ether, tetrahydrofuran, tetrahydropyrane, dioxane, diethyl sulfide, tetrahydrothiophene, 
dimethylsulfoxide, diethylsulfoxide, tetra- and pentamethylenesulfoxide, dimethyl sulfone, 
diethyl sulfone, tetra- and pentamethylenesulfone, acetone, methyl ethyl ketone, diethyl 
ketone, phenylmethyl ketone, methylisobutyl ketone, benzylmethyl ketone, acetaldehyde, 
propionaldehyde, trifluoroacetalderiyde, benzaldehyde, ethyl acetate, butyrolactone, di- 
methylformamide, dimethylacetamide, pyrrolidone and N-methyipyrrolidone, indenyl, cyclo- 
pentadienyl, methyl- or dimethyl- or pentamethylcyclopentadienyl, and trimethylsilylcyclo- 
pentadienyl. 

The primary amines may conform to formula RaNHa, the secondary amines to formula 
RaRaoNH and the tertiary amines to formula R29R30R31N, wherein R29 is Ci-Ciealkyl, unsub- 
stituted or d^alkyl- or Ci-C^alkoxy-substituted Cr or Cscycloalkyl, or unsubstituted or C r 
C 4 alkyl- or Ci-C4alkoxy-substjtuted Ce-Ciearyl or CrCiaaralkyl, Rao independently has the 
meaning of R», or R20 and R30 together are tetramethylene, pentamethylene, 3-oxa-1 ,5- 
pentylene or -CHrCHa-NH-CHrCHr or -CHrCH2-N(Ci-C 4 alkyl)-CHrCHr , and R 3 , inde- 
pendently has th meaning of R29. Alkyt preferably contains 1 to 1 2 and, particularly prefe- 
rably, 1 to 6, carbon atoms. Aryi preferably contains 6 to 12 carbon atoms, and aralkyl 
preferably contains 7 to 9 carbon atoms. Typical examples of amines are methyl-, dimethyl-, 
trimethyl-, ethyl-, diethyl-, triethyl-, methylethyl-, dimethylethyl, n-propyl-, di-n-propyh tri-n- 
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butyl-, cyclohexyh phenyl- and benzylamine, as well as pyrrolidine, N-methylpyrrolidine, 
piperidine, piperazine, morpholine and N-methylmorpholine. 

In a preferred subgroup, the ligands of group (B) are H 2 0, NH 3 , unsubstituted or partially or 
completely fluorinated Ci-C 4 alkanols, or cyclopentadienyl, Indenyl, allyl, metallyl or crotyl. 
H 2 0, NH a , cyclopentadienyl, indenyl, methanol and ethanol are very particularly preferred. 

In a preferred embodiment of this invention, the Ru catalysts and Os catalysts to be used 
according to this invention contain arenes or heteroarenes as ligands, phosphine groups 
and anions for charge equalisation. Very particularly preferably they contain an arene group 
as ligand, a tertiary phosphine group and mono- or divalent anions for charge equalisation. 

Suitable anions of inorganic or organic acids are, for example, hydride (H"), halide (e.g. F, 
CI'. Br" and 0. the anion of an oxygen acid, and BF«\ PF 6 ' , SbF« or AsF 6 \ It may be men- 
tioned that the above ligands cyclopentadienyl, indenyl, allyl, metallyl and crotyl are anionic 
and thus also serve the charge equalisation. 

Futher suitable anions are Ci-Ciaalcoholates, preferably C-Cealcoholates and, particularly 
preferably, C1-C4alcoholat.es, which are preferably branched and which typically conform to 
formula R^yR z C-<J, wherein R x is H or C-Cioalkyl. Ry «s C,-C 10 alkyl, and Rz is d-doalkyl or 
phenyl, the sum of the carbon atoms of Rx. Ry and R z being at least 2, preferably at least 3 
and up to 10. Examples include in particular i-propyloxy and t-butyloxy. 

Further suitable anions are Cs-Ciaacetylides, preferably Cs-Cwacetylides and, particularly 
preferably, Cs-Ciaacetylides. which may conform to formula RwC-C", wherein R* is Ci-Cir 
alkyl, preferably a-branched Ca-Caalkyl. typically formula RB^fi-, or phenyl or benzyl 
which are unsubstituted or substituted by 1 to 3 Ci-C 4 alkyl or d-Calkoxy. Some examples 
are i-propyh i- and t-butyl-, phenyl-, benzyl-, 2-methyl-, 2,6-dimethyl-, 2-i-propyh 2-i-propyl- 
6-methyl-, 2-t-butyl-, 2,6-di-t-butyl- and 2-methyl-6-t-butylphenylacety1ide. 

The anions of oxygen acids can be, for example, sulfate, phosphat . perchlorate, perbrom- 
ate, periodate. antirnonate, arsenate, nitrate, carbonate, the anion of a d-Ce-carbonic acid 
such as formiat , ac tate, propionate, butyrate, benzoate, phenylacetate, mono-, di- or tri- 



WO 97/38036 



PCT/EP97/01579 



-1t - 

chloroacteate or mono-, di- or trifluoroacetate, sulfonates such as methylsulfonate, ethyl- 
sulfonate, propylsulfonate, butylsutfonate, trifluoromethylsulfonate (triflat); phenylsulfonate 
or benzylsulfonate which is unsubstituted or substituted by CrC 4 alkyl, Ci-C 4 aIkoxy or halo- 
gen, preferably fluoro, chloro or bromo, typically tosylate, mesylate, brosylate, p-methoxy- or 
p-ethoxyphenylsulfonate, pentafluorophenylsulfonate or 2,4,6-triisopropylsulfonate, and 
phosphonates such as methylphosphonate, ethylphosphonate, propylphosphonate, butyl- 
phosphonate, phenylphosphonate, p-methylphenylphosphonate or benzylphosphonate. 

Particularly preferred are H* ( F, Cl\ Bf , BF/, PF fl ; SbF 6 , AsFe , CF3SO3 , CeH-s-SCV, 4- 
methyl-C 6 H 5 -S0 3 " ( a.S-dimethyl-CeHs-SCV, aAB-trimethyl-CeHs-SCV and 4~CF 3 -CeH 5 -S03 
as well as cyclopentadienyl (Cp"). 

In a preferred embodiment of this invention, the ruthenium compounds conform to one of 



formulae VIII to Vllld 

RaaLiMe 2 ^^ (VIII). 

RaaLiUMe 2 *^^ (Villa), 

(R^Me 2 ^** (VHIb), 

(Ra&UMe 24 ^^ (Vlllc), 

RaatLOaMe 2 *^^ (Vllld). 
wherein 



R32 is a phosphine ligand of formula VII or Vila; 

MeisRu; 

n is 1 , 2 or 3; 

Z is the anion of an inorganic or organic acid; 

(a) U is a ligand of group A, L, in formula Vlld being identical or different, and 

(b) U is a ligand of group B. 
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R32, Z, L, and L 2 have the meanings and preferred meanings cited above for the 
phosphines of formulae VII and Vila. 

In formulae VIII to Vllld, n is preferably 1 or 2 and.particularly preferably, 1 . R 32 has the 
preferred meanings cited for the phosphine ligands of formulae VII and Vila; they are 
preferably tertiary phosphines. 

It Is very particularly preferred to use ruthenium compounds of one of formulae IX to IXd 



(RsGRaTRasPJLiMe 8 ^, 1 -)^ 1 


(«X), 


ffWfeRnPWLiMe^(Z,W 


(IXa), 


(RMRwRaPJLiUMe^G^OZa" 1 


(IXb), 


(R26FWP«P)3L1Me a *(Z 1 1 -)Z2• , 


-(IXc), 


(R26R 2 7R28P)(L 1 ) 2 Me a+ (Zi 1 -)Z2 1 


(IXd). 



wherein 
Me is Ru; 

Z y and Z 2 are each independently of the other H", cyclopentadienyl, Cr, Br*. BF 4 \ PF 8 \ 
SbF 6 " , AsFe, CF 3 S0 3 ", CbHb-SOs", A-methyl-CerVSCV , 3.5-dimethyl-C 6 Hs-S03, 2,4.6-tri- 
methyl-CeHs-SOa* or A-CFa-CeHs-SCV; 

Ras. R27 and Rsa are each independently of one another d-Cealkyl. or cyclopentyl or cyclo- 
hexyl or cyclopentyloxy or cyclohexyloxy, each of which is unsubstituted or substituted by 
1 to 3 Ci-C 4 alkyl, or phenyl or benzyl or phenyloxy or benzyloxy, each of which is unsub- 
stituted or substituted by 1 to 3 CVCaikyl; 

L, is Ce-Ctearene or Crdeheteroarene which is unsubstituted or substituted by 1 to 3 C1- 
C 4 alkyl, d-CX^Ikoxy, -OH, -F or CI, or C r Cealkyl-CN, benzonitril or benzylnitrile, Li in 
formula IXd being identical or different; and 
U is H 2 0 or C,-C 6 alkanol. 
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If the preparation of the ruthenium catalysts is carried out in solvents which can coordinate 
to a metal atom, such as to alkanols, then solvating Ru cation complexes can form which 
are included within the scope of the use of the novel compositions. 

Some examples of ruthenium compounds to be used according to this inventjon_are: [tos 
signifies tosylate]: {(^H„) 2 HPRu(p-cumene)CI 2l (CeH^aPRufp-cumeneJCIa, (C 6 H n ) 3 PRu(p- 
cumene)(tos) a , (CeHufcPRutp-cumeneJBra, (C e H„) 3 PRu(p-Cumene)CIF ( (CeH^aPRufCsHe)- 
(tos) 2 , (CeHtOjPRufCHrCeHsWos)* (CBHi,) 3 PRu(C 10 He)(tos)2, (l-C3H 7 ) 3 PRu(p-cumene)CI 2 , 
(CH3) 3 PRu(p-cumene)Cl2. (CeHnJaPRulCHa-CNKCzHrOHJOosJa, (CeH^aPRufp-cumene)- 
(PHrCr^ a (PF>k(CeHii)BPRu(p<umBne)(CH^ 

CN) 2 (tos) 2 , (CsHuJaPRutCHaCNJCIa. (CeHnOaPRu^H^NJaCla. (n-C^PRufp-cumeneJCfe, 
<Q,Hii)3PRu<pKwmene)(CaH^^ 

[(C 6 H 1 ,) a Pl 3 Ru(CH3-CN) l (C 5 H 8 ) 3 PRu(p-cumene)Cl2. (CsHnJaPRutp-cumeneJHCI, 

(CHufePRuH .M.MCH^CeHaJCIa, (C^fePRull ,3,5-(l-C3H 7 ) AHaJCIa, (CHtikPRu- 

[(C 4 H9)-C 6 H 5 ]CI 2 , (C6H 5 ) 3 PRu(p-cumene)HCI, t(C 6 H 11 ) 3 P32Ru(CH3-CN)(tos)a f RuCI 2 (p- 

cumeneH^nfePCHaCHaPtCe^^ 

(CBHeXC^OHMtosfe, ^ 

(C 6 H in ) 3 PRu{biphenyO(tos) a .(C 6 H 1 ,) 3 PRu^ 

and (C 6 Hn)3PRu(chrysene)(tos)2. 

These ruthenium compounds to be used according to this invention are known or can be 
prepared by known and analogous methods starting from the metal halides (for example 
RuXs or {RuareneXala and by reaction with phosphines and ligand formers. 

The thermal ruthenium carbene catalysts B are preferably ruthenium carbene having two 
phosphine ligands and two halogen atoms. 

Said ruthenium carbene catalysts B may preferably conform to formula X or Xa or to 
mixtures of compounds of formulae X and Xa 

^Me(lV)— CHT 3 (X), 
*« T 2 
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CHT 3 



(Xa), 



wherein 

Me is ruthenium; 

T t and T 2 are each independently of the other a tertiary phosphine, or Ti and T 2 together 
are a ditertiary diphosphine; 

T 3 is H, C t -Ci2alkyl; QrCecycloalkyl, C^Crheterocycioalkyl having one or two hetero atoms 
selected from the group consisting of -0-, -S- and -N-, Ce-G^aryl, or C 4 -C 15 heteroaryl having 
one to three hetero atoms selected from the group consisting of -0-, -S- and -N- , which are 
unsubsBtuted or substituted by Ct-Ci2alkyl, Ci-C^haloalkyl, d-Cualkoxy, Ce-Cioaryl, C<rC,o- 
aryioxy -N0 2 or halogen; 

T 4 is Cs-Ci B arene or C 4 -C 15 heteroarene which is unsubstituted or substituted by 1 to 3 d-C 4 - 
aikyl, C-C^aloalkyl, C-C^lkoxy, -OH, F, C! or Br, and 
Xoi and X02 are each independently of the other halogen. 

X01 and X02 in formulae X and Xa are preferably F, CI or Br, more preferably CI or Br and, 
most preferably, each CI 

In a preferred embodiment of this Invention, T 3 is a hydrogen atom, or T 3 is a hydrocarbon 
radical defined within the scope of this invention containing 1 to 16, more preferably 1 to 1 2, 
carbon atoms. 

T 3 defined as alkyl may preferably contain 1 to 8 and, particularly preferably, 1 to 6 carbon 
atoms. Some examples of alkyl are methyl, ethyl and the isomers of propyl, butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, decyi, und cyl and dodecyl. T 3 is particularly preferably linear C r 
C 4 alkyl. 



T 3 defined as cycloalkyl may preferably contain 5 to 8 carbon atoms. Cyclopentyl and cyclo- 
hexyl are particularly preferred. 
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T 3 defined as heterocycloalkyl may preferably contain 4 or 5 carbon atoms and is preferably 
a hetero atom selected from the group consisting of -0-, -S- and -N- . Some examples are 
tetrahydrofuranyl, pyrrolidinyl, piperazinyl and tetrahydrothiophenyl. Heterocycloalkyl and 
aryl are preferably linked via a carbon atom of the ring. 

T 3 defined as aryl may preferably contain 6 to 10 carbon atoms. Preferred examples are 
naphthyl and, in particular, phenyl, as well as phenyl which is substituted by d^alkyl, C,- 
C 4 alkoxy or CI, typically p-methylphenyl, p-ethylphenyl, p-n- or p-i-propylphenyl, p-n-. p-i- or 
p-t-butylphenyl, p-chlorophenyl and p-methoxyphenyl. 

T 3 defined as heteroaryl may preferably contain 4 or 5 carbon atoms and one or two hetero 
atoms selected from the group consisting of -O-, -S- and -N- . Some examples are furanyl, 
thiophenyl, pyrrolyl, pyridinyl and pyrimidinyl. 

Preferred substituents for T 3 are methyl, ethyl, n- and i-propyj, n-, I- and t-butyl, mBthoxy, 
ethoxy, trichloromethyl, trifluoromethyl, phenyl, phenytoxy, F and CI. 

In a preferred embodiment of this invention, T 3 is H, Ci-C^kyl, cyclopentyl, cyclohexyl, 
phenyl or naphthyl, each of which is unsubstituted or substituted by d^alkyl, d-d- 
alkoxy, d-C 4 haloalkyl, phenyl, F or CI. 

T« in formula Xa defined as arena preferably contains 6 to 12 carbon atoms and, defined as 
heteroarene, preferably 4 to 1 1 carbon atoms, and preferably contains 1 to 3 hetero atoms 
selected from the group consisting of O, S and N. Some examples of substituents for T 4 are 
methyl, ethyl, n- or i-propyl, n-, i- or t-butyl, methoxy, ethoxy. trifluoromethyl, F and CI. 
Preferred arenes and heteroarenes are benzene, toluene, xylene, trimethylbenzene, naph- 
thalene, biphenyl, anthracene, acenaphthene, fluorene, phenantrene, pyrene, chrysene, 
fluoroanthrene, furan, thiophene, pyrrole, pyridine, y-pyran, Y-thiopyran, pyrimidine, pyra- 
zine, indole, coumarone, thionaphth ne, carbazole, dibenzofuran, dibenzothiophene, pyra- 
zole, imidazole, benzimidazole, xazole, thiazole, isooxazole, isothiazole, quinoline, iso- 
qulnoline, acridine, chromene, phenazine, phenoxazine, phenothiazine, triazine, thian- 
threne, and purine. Particularly pr ferred arenes and heteroarenes are b nzene, naphtha- 
lene, cumene, thiophene and benzthiophene. Arene is very particularly preferably benzene 
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or benzene substituted by d-C«alkyl, such as toluene, xylene, isopropylbenzene, tertiary 
butylbenzene or cumene; and heteroarene is particularly preferably thiophene. 

The phosphine group T n and T 2 is preferably tertiary phosphines or ditertiary diphosphines 
containing 3 to 40, more preferably 3 to 30 and, particularly preferably, 3 to 24, carbon 
atoms. 

The tertiary phosphine and ditertiary diphosphine groups have the meanings and preferred 
meanings stated above for formulae VII and Vila. 

A preferred subgroup of the compounds of formulae X and Xa are those of formulae Xb 
and Xc 



wherein Me is Ru, R» is a-branched Ca-Caallcyl, Cs-Cacycloalkyl which is unsubstituted or 
substituted by Chalky!. d-C^aloalkyl, d-CAalkoxy, halogen or -N0 2 , or Ce-C,oaryl which 
is unsubstituted or substituted by Ci-C 4 alkyl, Ci-C 4 haloalkyl, C 1 -C 4 alkoxy, halogen or -N0 2 , 
T 3 is H, CrCBalkyl, CrCecycloalkyl which is unsubstituted or substituted by Ci-C«alkyl, d- 
C 4 haloalkyl, C 1 -C 4 alkoxy, halogen or -NO a , or Ce-C,oaryl which is unsubstituted or substitu- 
ted by Ct-Gialkyl, Ci-C 4 haloalkyl, Ci-C4alkoxy, halogen or -N0 3 . and T 4 is phenyl or phenyl 
substituted by 1 to 3 Ci-C 4 alkyl. 

Some specific and preferred examples are [Me signifies Ru(IV)}: 



^Me(IV)=CHT. 
P(Ra)3 



3 



(Xb), 
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CI 2 [P(C6H n )9! 2 Me=CH-C6Hs, CI 2 p(C 5 Hg) 8 ]aMe=CH-C6H 5l BratPfCeH^akMesCH-CsHs, Br 2 . 
[P(C 5 H9)3] 2 Me=CH-C6H6, F^P^H^afeMe-CH-CeHs, F 2 p(C s He)3]2Me=CH-C6H s , CI 2 [P(C6. 
Hn)a] 2 Me=CH(CeH«-CI), CI 2 p(CsH9) 3 ] 2 Me=CH(CeH4-Br), Br^PCCcHnJJaMesCH^Kj-NOa). 
Br 2 [P(C5H 9 )3]2Me=CH(C6H4-OC a H 6 ) 2 , Cl a [P(C6H 1 ,) 3 ] 2 Me=CH(C e H4-CH 3 ), FatPfCsHofcl^CH- 
[CeHa-CCHa)^, CyPfCsH^sfeMe-CH-CioHe, a 2 [P(C 5 H B )3]2Me=CH-CH3, Cla[P(C6H,i) 3 ] 2 Me- 
=CHCH 3l Br 2 tP(C 5 H B )3l 2 Me=CH-i-C 3 H7, CyPfCaHnhfeMe^CH-t-C^, CypfCsHafcfcMe-CH- 
n-C 4 H 9 , ClalP^eHu^zMesCH-Ce^-OCHa, ClaPCCsHaMaMesCH-CeHHCHafe, Br 2 [P(Ce. 
HnJJaMesCH-CeHrtCHaJj. BraPfCsHdafeMe^H-CHaCeHs, CyP^HaJaJaMeaCH-CsHs. CI* 
[PO-Ca^alaMe^CH-CeHs, CWPfoHsMaMe^H-CaHs, CI 2 [P(C 6 H 3 -CH 3 )3]2Me=CH-C € H s , Bra. 
[PtCsH^WaJalaMe^CH-CeHB. CyP(CkH 3 -(CHa):fcMe=CH-C6H 5 , Cla[P(C e H, Oa-CHaCHr 
PfCeHnJalMesCH-CeHg, Cl a p^ 

H9)a]aMe=C(C6H„)2, CyPfCaHnMaMeireHa, CyP(GjH 9 )a]aMe=CH 2 , ClaP^HnJslaMe^H-n- 
butyl, aalPO-CaHTjakMesCH-CeHs, CyP^H^afeMe^H-CsH^. 

The compounds of formula X are known and their preparation is described by P. Schwab et 
al. in Angew. Chem. (1995), 107, No. 18, pages 21 79 to 21 81. The binuclear compounds of 
formula Xa can be prepared, for example, by reacting 2 equivalents of a compound of 
formula X with one equivalent of a per se Known compound of formula 



wherein X*. Me and T« have the meanings stated for formula Xa, in the presence of an 
inert solvent. 

Particularly preferred novel mixtures are those, wherein the ruthenium catalyst A conforms 
to formula IXe, 




(R26R 2 7R 2 aP)L,Ru 2+ (Z 1 1 -) 2 



(IXe), 



Jl 
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wherein R 26 , R27 and R28 have the meanings stated above, including the preferred 
meanings, U is an arene or heteroarene, including the preferred meanings stated above, 
and Z, 1 ' is CI", Bf, BF 4 \ PF 6 \ SbFe , AsF 6 \ CF 3 S0 3 ' . ftHs-SOs'. 4-methyl-C6H s -S03 , 3,5- 
dimethyl-C e H 6 -S0 3 ", 2,4,6-trimethyl-GeHs-S03' or ^CFa-CsHs-SOa" ; 
and the ruthenium carbene catalyst B conforms to formula X and, particularly preferably, to 
formula Xb. 

The novel mixtures are excellently suitable as catalysts for the ring-opening metathesis 
polymerisation of strained cycloolefins. 

In another of its aspects, the Invention relates to a composition consisting of (a) at least one 
strained cycloolefin and (b) a catalytically effecth/e amount of a mixture of at least one ther- 
mal carbene-free ruthenium catalyst A and at least one thermal ruthenium carbene catalyst 
B, both of which initiate the ring-opening metathesis polymerisation on their own, said 
catalysts being present In a weight ratio of A to B from 10:1 to 1 :10. The catalysts in the 
novel compositions have the same preferred meanings as described above. 

Catalytically effective signifies that the mixture is used in amounts which give, at a defined 
polymerisation cycle for a specific cycloolefin (see Examples), shaped articles having better 
physical and mechanical properties than when half the amount is used as Individual com- 
ponents. 

In a preferred embodiment of this invention, the amount of the novel mixture in the compo- 
sition is from 0.05 to 0.3 % by weight, preferably from 0.05 to 0.25 % by weight and, most 
preferably, from 0.1 to 0.2 % by weight, based on the amount of the cycloolefins present. 

The cyclic olefins may be monocyclic or polycyclic condensed and/or bridged and/or linked 
ring systems, for example having from two to four rings, which are unsubstituted or substi- 
tuted and may contain hetero atoms, for example an O, S. N or Si atom, in one or more 
than one ring and/or may contain condensed aromatic or heteroaromatic rings, for example 
o-phenylen , o-naphthylene, o-pyridinylene or o-pyrimidinylene. The individual cyclic rings 
may contain from 3 to 16, preferably from 3 to 12 and, particularly preferably, from 3 to 8. 
ringmemb rs.Th cyclic olefins may contain further non-aromatic double bonds, prefe- 
rably, depending on the ring size, from 2 to 4 such additional double bonds. The ring sub- 
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stituents are inert, that Is to say they do not adversely affect the chemical stability and the 
thermal stability of the ruthenium and osmium catalysts. The cyclooiefins are strained rings 
or ring systems. Individual rings and ring systems having from 5 to 8 carbon atoms in the 
ring are particularly preferred. 

When the cyclic olefins contain more than one double bond, for example from 2 to 4 double 
bonds, or when mixtures of strained cyclooiefins having one double bond and strained 
cyclooiefins having at least two double bonds, for example from 2 to 4 double bonds, are 
used, then, depending on the reaction conditions, the monomer chosen and the amount of 
catalyst, It is also possible for crossllnked polymers to be formed. 

In a preferred embodiment of the composition according to the invention, the cyclooiefins 
conform to formula II 



CH CQ 2 

(II). 




wherein 

Q, is a radical having at least one carbon atom which, together with the -CH=CQ r group, 
forms an at least 3-membered aiicyclic ring which may contain one or more than one 
hetero atom selected from the group consisting of Si, P, O, N and S; and which is 
unsubstituted or substituted by halogen, =0, -CN, -NO* RiRaRaSi-PJu-, -COOM, 
-SO3M, -POM -COO(M,) 1/2 , -SOafMOw. -POaM)*. C-C^alkyl. C-CWiydroxyaikyl. 
C-Caohaloalkyl. C-Cecyanoalkyl, C 3 -C 8 cycloalkyl. Cs-Ciearyl, CrC«araikyl, C 3 -C«r 
heterocycloalkyl, CrC«heteroaryl. C^deheteroaralkyl or by FVX-; or wherein two 
adjacent carbon atoms, when present, are substituted by -CO-O-CO- or by 
-CO-NIVCO-; or wherein an aiicyclic, aromatic or heteroaromatic ring has been fused 
to adjacent carbon atoms of the aiicyclic ring, the former ring being unsubstituted or 
substituted by halogen. -CN, -N0 2 , RtRrReSKCV. -COOM, -SOgM, -P0 3 M. 
-COOfMOi/* -SCfcMha. -POatMOw, C-Crfdkyl, C-Caohaloalkyl, C-Caohydroxyalkyl. 
C-Cecyanoalkyl, Ca-Cacycloalkyl. CrC 16 ary1, CrCearalkyl. CrC 6 heterocycloaJkyl. C 3 - 
Ceheteroaryl, C 4 -C 1fi heteroaralkyl or by R 13 -X r ; X and X, are each independently of 
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the other -0-, -S-, -CO-. -SO-, -SO r . -0-C(0)-, -C(0)-O-, -C(0)-NR s -, -NR, 0 -C(O)-, 
-SOrO- or -0-S0 2 -; Ri. R 2 and R 3 are each independently of one another C,-C 12 alkyl, 
d-daperfluoroalkyl, phenyl or benzyl; R4 and R 13 are each independently of the other 
C-Cioalkyl, d-dohaloalkyl, drCaohydroxyalkyl, d-dcycloalkyl, CrC 16 aryl or Crdr 
aralkyl; R 5 and R 10 are each independently of the other hydrogen, d-C ia alkyl. phenyl 
or benzyl, the alkyl groups in turn being unsubstituted or substituted by Ci-Cizalkoxy 
or by CyCecycloalkyl; Re, R7 and Rb are each independently of one another C t - 
C n2 alkyl, d-Caperfluoroalkyl. phenyl or benzyl; M is an alkali metal and Mi is an 
alkaline earth metal: and u is 0 or 1 ; It being possible for the alicyclic ring formed with 
Qt to contain further non-aromatic double bonds; 
Q 2 is hydrogen, d-doalkyl. d-Cahaloalkyl, d-C ia alkoxy. halogen, -CN or Rn-Xg- , 
wherein R„ is d-doalkyl, d-Caohaloalkyl. d-dohydroxyalkyl. Qrdcycloalkyi, 
CffCearyl or Crd«aralkyl, and Xa is -C(0)-0- or -C(0)-NR ir ..wherein R, 2 is 
hydrogen, Ci-C ia alkyl. phenyl or benzyl; 
the above-mentioned cycloalkyl. heterocycloalkyl, aryl. heteroaryl. aralkyl and heteroaralkyl 
groups being unsubstituted or substituted by d-CualKyl. CrC 12 alkoxy, -NOa, -CN or by 
halogen, and the hetero atoms of the above-mentioned heterocycloalkyl. heteroaryl and 
heteroaralkyl groups being selected from the group consisting of -O-, -S-. -NR*- and -N=; 
and Ffe is hydrogen, Ci-Ciaalkyl. phenyl or benzyl. 

Fused alicyclic rings contain preferably from 3 to 8. more preferably from 5 to 8 and, most 
preferably, 5 or 6, ring carbon atoms. 

When an asymmetric centre is present in the compounds of formula I. the compounds may 
occur in optically isomeric forms. Some compounds of formula I may occur in tautomeric 
forms (for example keto-enol tautomerism). When an aliphatic C=C double bond is present, 
geometric isomerism (E-form or Z-form) may also occur. Exo-endo configurations are also 
possible. Formula I therefore includes all possible stereoisomers present in the form of 
enantiomers, tautomers, diastereoisomers, E/Z-isomers or mixtures thereof. 

In the d finitionsofth substitu nts, the alkyl. alkenyl and alkynyl groups may be straight- 
chain or branched. The same applies also to the (or each) alkyl moiety of alkoxy, alkylthio 
and alkoxycarbonyl and other alkyl-containing groups. Th se alkyl groups contain prefer- 
ably from 1 to 12, more preferably from 1 to 8 and, most preferably, from 1 to 4, carbon 
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atoms. These alkenyl and alkynyl groups contain preferably from 2 to 12, more preferably 
from 2 to 8 and, most preferably, from 2 to 4, carbon atoms. 

Alkyl includes, for example, methyl, ethyl, isopropyl, n-propyl, n-butyl, isobutyl, tert-butyl and 
the various isomeric pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, 
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl radicals. 

Hydroxyalkyl Includes, for example, hydroxymethyl. hydroxyethyl, 1-hydroxyisopropyl, 
1-hydroxy-n-propyl, 2-hydroxy-n-butyl, 1-hydroxyisobutyl, 1-hydroxy-sec-butyl, 1-hydroxy- 
tert-butyl and the various isomeric pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dode- 
cyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl and 
eicosyl radicals. 

Haloalkyl includes, for example, fluoromethyl, dlfluoromethyl, Mfluoromethyl, chloromethyl, 
dichlorornethyl, trichloromethyl. 2,2,2-trifluorcethyl, 2-fluoroethyl, 2-chloroethyl, 2,2,2-tri- 
chloroethyl and also halogenated, preferably fluorlnated or chlorinated, alkanes, for 
example isopropyl, n-propyl, n-butyl, isobutyl, sec-butyl, tert-butyl and the various isomeric 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl. dodecyl. tridecyl, tetradecyl, pentadecyl. 
hexadecyl, heptadecyl, octadecyl, nonadecyl and eicosyl radicals. 

Alkenyl includes, for example, propenyl, isopropenyl, 2-butenyl, 3-butenyl, isobutenyl, 
n-penta-2,4-dienyl, 3-methyl-but-2-enyl, n-oct-2-enyl, n-dodec-2-enyl, isododecenyl, 
n-octadec-2-enyl and n-octadec-4-enyt. 

Cycloalkyl is preferably Cs-Cscycloalkyl, In particular Cr or Cecycloalkyl. Some examples are 
cyclopropyl, dimethylcyclopropyl, cyclobutyl, cyclopentyl. methylcyclopentyl, cyclohexyl, 
cycioheptyl and cyclooctyl. 

Cyanoalkyl includes, for example, cyanomethyl (methylnitrile), cyanoethyl (ethylnitrile), 
1-cyanoisopropyl, 1-cyano-n-propyl, 2-cyano-n-butyl, 1-cyano-isobutyl, 1-cyano-sec-butyl, 
1-cyano-tert-butyl and the various isomeric cyanopentyl and cyanohexyl radicals. 
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Aralkyl contains preferably from 7 to 12 carbon atoms and, more preferably, from 7 to 10 
carbon atoms. It may be, for example, benzyl, phenethyl, 3-phenylpropyl, a-methylbenzyl, 
phenbutyl or a,a-dimethylbenzyl. 

Aryl preferably contains from 6 to 10 carbon atoms. It may be, for example, phenyl, 
pentaline, Indene, naphthalene, azulene or anthracene. 

Heteroaryl preferably contains 4 or 5 carbon atoms and one or two hetero atoms from the 
group O, S and N. It may be, for example, pyrrole, furan, thlophene. oxazole, thlazole, 
pyridine, pyrazine, pyrimldine, pyridazlne, indole, purine or quinoline. 

Heterocycloallcyl preferably contains 4 or 5 carbon atoms and one or two hetero atoms from 
the group O. S and N. It may be. for example, oxirane. azirine, 1 ,2-oxathlolane, pyrazoline, 
pyrrolidine, piperidine, piperazine, morpholine. tetrahydrofuran or tetrahydrothiophene. 

Alkoxy is. for example, methoxy. ethoxy. propyloxy. isopropyloxy, n-butyloxy, Isobutyloxy 
and tert-butyloxy. 

Within the scope of this Invention, an alkali metal is to be understood as being lithium, 
sodium, potassium, rubidium or caesium, preferably lithium, sodium or potassium. 

Within the scope of this invention, an alkaline earth metal will be understood as being 
beryllium, magnesium, calcium, strontium or barium, preferably magnesium or calcium. 

In the above definitions, halogen will be understood as being fluoro, chloro, bromo or iodo. 
preferably fluoro, chloro or bromo. 

Compounds of formula II that are particularly suitable for the composition according to the 
Invention are those wherein Q 2 is hydrogen. 

Also preferred for the composition are compounds of formula II In which the alicyclic ring 
formed by Q, togeth r with the -CH=CQ r group has from 3 to 16, preferably from 3 to 12, 
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more preferably from 3 to 8, and, most preferably, from 5 to 8, ring atoms, and which may 
be monocyclic, blcyclic, tricyclic or tetracyclic ring systems. 

It is especially advantageous when the composition according to the invention comprises 
compounds of formula II, wherein - 
Q, is a radical having at least one carbon atom which, together with the -CH=CQ 2 - group, 
forms a 3- to 20-membered alicyclic ring which may contain one or more than one 
hetero atom selected from the group Si. O, N and S; and which is unsubstituted or 
substituted by halogen. =0. -CN, -NO* -COOM, -SO,M, -PQ3M, 

-COOMW -SOatM,)*. -PO 3 (M0i*. C-Caalkyl. C,-C 12 haloaIkyl. CrC 12 hydroxyalkyl, 
d^cyanoalkyl, (^-Cecydoalkyl, OrC^ryl. CrC 12 aralkyl. CVCeheterocycloalkyl. C 3 - 
C^heteroaryl, C^^eteroaralkyl or by fVX : ; or wherein two adjacent carbon atoms 
in that radical Q, are substituted by -CO-O-CO- or by -CO-NRrCO-; or wherein an 
alicyclic, aromatic or heteroaromatic ring may have been fused to adjacent carbon 
atoms, which ring is unsubstituted or substituted by halogen. -CN, -N0 2 , ReRrReSh 
-COOM, -SOaM, -P0 3 M, -C00(M,),«. -SOafM,),* -POaW),/* Ci-drflkyl. C,-C, r 
haloalkyl. CrC, 2 hydroxyalkyl. Ci-C 4 cyanoalkyl. Ca-Cecycloalkyl, Ce-Caaryl. CrC 12 - 
aralkyl. CyCehrterocycloalkyl, (VC, 2 heteroaryl. C^heteroaralkyl or by R, 3 -Xn-; 
X and X, are each independently of the other -O-. -S-, -CO-. -SO-. -SO*-. -0-C(0)-, 
-C(0)-0-. -C(0)-NR S -, -NR 10 -C(O)-. -SQa-O- or -O-SOn and R„ R 2 and Ffc are each 
independently of one another C-Cealkyl. C-Cpeifluoroalkyl, phenyl or benzyl; M is 
an alkali metal and M, is an alkaline earth metal; R, and R 18 are each Independently 
of the other C-C ia alkyl. C-Czhaloalkyl, C-C^droxyalkyl, CVCcvcloalkyl. Cr 
C 12 aryl or CrC 12 aralkyl; Rs and R, 0 are each independently of the other hydrogen, C- 
Cealkyl, phenyl or benzyl, the alkyl groups in turn being unsubstituted or substituted by 
C-Ce-alkoxy or by C^Cecycloalkyl: ft. Rr and R B are each independently of the other 
CrCealkyl, d-Ceperfluoroalkyl. phenyl or benzyl; u is 0 or 1 ; it being possible for the 
alicyclic ring formed with Qi to contain further non-aromatic double bonds; 
Q 2 is hydrogen, Ci-C 12 alkyl. C-C 12 haloalkyl, C-Calkoxy, halogen. -CN or R ir Xr . 
wherein R„ is C-Cealkyl, C-C 2 haioalkyl. C,-C 12 hydroxyalkyl, C-Ccydcalkyl, 
CrC 12 aryl or CrC 12 aralkyl, and X. is -C(0)-0- or -C(0)-NRtr . wherein R« is 
hydrogen, d-Calky!, phenyl or benzyl; 
and the cycloalkyl, heterocycloalkyl. aryl, het roaryl. aralkyl and heteroaralkyl groups being 
unsubstituted or substituted by C-Cealkyl, C-Cealkoxy, -NO., -CN or by halogen, and the 
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hetero atoms of the heterocycloalkyl, heteroaryl and heteroaralkyl groups being selected 
from the group consisting of -0-, -S-, -NR 9 - and -N=; and R 8 is hydrogen, C,-Calky1. phenyl 
or benzyl. 

From that group preference is given to those compounds of formula II, wherein 
Q, is a radical having at least one carbon atom which, together with the -CH=CQ r group, 
forms a 3- to 10-membered alicyclic ring which may contain a hetero atom selected 
from the group SI, O, N and S. and which is unsubstJtuted or substituted by halogen, 
-CN, -N0 2 , RjRaRsSi-, -COOM, -SO3M. -PO3M, -COO(M,) 1/8l -SOrfMth* -POsfM,),/* 
C-Cealkyl, C-Cehaloalkyl, C-Chydroxyalkyl, C-Ccyanoalkyl. C-Cecycloalkyl. 
phenyl, benzyl or by RrX-; or wherein an alicyclic. aromatic or heteroaromatic ring 
may have been fused to adjacent carbon atoms r which ring is unsubstituted or substi- 
tuted by halogen. -CN, -NO* RbRtRbSI-. -COOM, -SOsM. -PO3M, -COOM),* 
-SOMtiv* -P0 3 (M,) 1/2 . C-Calkyl, C-Cehaloalkyl. C-Cehydroxyalkyl, C-Ccyano- 
alkyl, Ca-Cecycloalkyl, phenyl, benzyl or by R«-Xi-; Ri, Ra and R, are each independ- 
ently of one another C-Calkyl. Ci-C 4 perfluoroalkyl. phenyl or benzyl; M is an alkali 
metal and Mi is an alkaline earth metal; FU and R 13 are each independently of the 
other C-Calkyl, C-Cehaloalkyl, C-Cehydroxyalkyl or CrCecycloalkyl; X and X, are 
each Independently of the other -O-. -S-, -CO-. -SO- or -SO,-; Re. Rr and Ra are each 
independently of one another C-Calkyl. d-C4perfluoroalkyl. phenyl or benzyl; and 
Q 2 is hydrogen. 

The composition according to the Invention preferably comprises norbornene and norbor- 
nene derivatives, norbomadiene, cyclopentene, cycloheptene. cyclooctene. cyclooctadiene 
or cydododecene. Of the norbornene derivatives, special preference is given to those 
corresponding to formula til 

X, 

* (HI), 




wherein 

X3 is -CHR 16 -, oxygen or sulfur; 

R 14 and R 15 are each independently of the other hydrogen, -CN, trifiuoromethyl, (CH^i-O- 
(CH 3 ) 3 Si- or -COORu; and 
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R 16 and R, 7 are each independently of the other hydrogen, C-C,«alkyl, phenyl or benzyl; 



wherein 

X* is -CHFW, oxygen or sulfur; 
R, 8 is hydrogen, C r C6alkyl or halogen; and 
R 19 is hydrogen, C,-C 12 alkyl, phenyl or benzyl; 
or to formula V 



wherein 

Xs is -CHRzr, oxygen or sulfur; 

R» and R 2 , are each independently of the other hydrogen, CN, trifluoromethyl, (CHahSi-O-, 

(CH 3 ) 3 Si- or -COOR»; and 

Rja is hydrogen, Ci-CiaalkyI, phenyl or benzyl; 

Rajs hydrogen. Ci-C ia alkyl, phenyl or benzyl; 

or to formula VI, 



or to formula IV 




R, 



18 




O 




wherein 

Xe is -CHR24-, oxygen or sulfur; 



Y is oxygen or 



— 



N-R. 



'25 



WO 97/38036 



PCT/EP97/01579 



-26- 

R 24 is hydrogen, Ci-C 12 alkyl, phenyl or benzyl; and 
Rss is hydrogen, methyl, ethyl or phenyl. 

Another preferred subgroup of monomers is formed by those composed only of carbon and 
hydrogen. 

The following compounds of formula I which may be preparable by Diels-Alder reactions are 
some specific examples, it being possible for the oxanorbornene derivatives also to be 
norbomene derivatives and vice versa: 
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CH 2 0(CH 2 ) s OCH3 





OCH, 




OCH a 



Ro can. for example, be an epoxy. acrylate or methacrylate group which is covalently 
bonded to the cyclooctene directly or via a bridge group. 

Condensed and/or bridged and/or linked olefinically unsaturated ring systems are generally 
prepared by means of Diels-Alder reactions. They should be fusable without decomposition 
which, within the scope of the invention, means that strained cycloolefins can be fused and 
the catalyst can be dissolved. In the case of thermally labile strained cycloolefins it may 
therefore be necessary to dissolve the catalyst under pressure. Where the reaction 
temperature is higher than the decomposition temperature of the strained cycloolefin. it is 
advisable to carry out the procedures under pressure in order to avoid decomposition of the 
monomers prior to polymerisation. 

A preferred subgroup are the Diels-Alder adducts of cyclopentadienes. many of which are 
known and are commercially available (they are obtained, for example, in petroleum 
distillation), or which can be prepared in known manner by a Diels-Alder reaction of 
cyclopentadienes with cyclopentadienes. or with Diels-Alder adducts of cyclopentadienes 
(oligocyclopentadienes). These Diels-Alder adducts can conform to formula I 



(0. 



I 
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whereln p is 0 or a number from 1 to 1 00, preferably from 1 to 50, particularly preferably 
from 1 to 20 and, most preferably, from 1 to 10, and wherein the adduct may be substituted 
as stated above for the Diels-Alder adducts, preferably by C r C e alkyl groups. 



Illustrative examples of compounds of formula I are 



0D. "tDO- (U>* 



COO- CKW» ■ 

.MOOD ■ "%£3- 





as well as tricyclopentadiene. 

Another preferred subgroup of Diels-Alder adducts are those of unsubstituted or substituted 
norbornenes or norbornadienes with unsubstituted or substituted 1 ,3-cyclop ntad.enes. 
Particularly preferred Diels-Alder adducts are those of formula la 
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OKI 



(la), 



wherein q is preferably a number from 1 to 20, more preferably from 1 to 10 and, particular- 
ly preferably, from 1 to 5, the Diels-Alder adducts being unsubstituted or substituted by, 
preferably, Ct-Cealkyl. 

Illustrative examples of compounds of formula la are 

OXD w iXQ) CWr*\ v QQr™- 





The composition according to the invention may additionally contain further open-chain 
comonomers that form copolymers with the strained cyclooleflns. When dienes are addition- 
ally used, for example, crosslinked polymers may be formed. Some examples of such co- 
monomers are olefinicaJly mono- or di-unsaturated compounds, such as olefins and dienes 
from the group ethene. propene, butene. pentene, hexene, heptene, octene. decene. dode- 
cylene, cyclohexene (which, as is known, does not form metathesis polymers on its own), 
acrylic and methacryiic acid and the esters and amides thereof, vinyl ethers, vinyl esters, 
vinyl chloride, vinylidene chloride, styrene, butadiene, isoprene and chlorobutadiene. When 
volatile comonomers are additionally used, it is often necessary to carry out the procedures 
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under pressure. The additional use of non-volatile comonomers can therefore be of 
advantage to the method. 

The further open-chain olefins suitable for copolymerisation are present in the novel compo- 
sition in an amount of typically up to 80 % by weight, preferably from 0.1 to 80 % by weight, 
more preferably from 0.5 to 60 % by weight and, most preferably, from 5 to 40 % by weight, 
based on the total amount of compounds of di- and oligocyclopentadienes and further 
olefins capable of copolymerisation. 

The composition according to the Invention may contain formulation auxiliaries. Known 
auxiliaries are antistatics, antioxidants, light stabilisers, plasticisers, dyes, pigments, fillers, 
reinforcing fillers, lubricants, adhesion promoters, viscosity-increasing agents and demould- 
ing auxiliaries. The fillers may be present in surprisingly high proportions without having an 
adverse effect on the polymerisation, for example In amounts of up to 80 % by weight, 
preferably from 1 to 70 % by weight, more preferably from 5 to 70 % by weight, particularly 
preferably from 5to 60 % by weight and. most preferably, from 10 to 60 % by weight, based 
on the composition. A great variety of fillers and reinforcing fillers for improving the optical, 
physical, mechanical and electrical properties is known. Some examples are glass and 
quartz in the form of powders, beads and fibres, metal and semi-metal oxides, carbonates 
such as MgC0 3 , CaC0 8 . dolomite, metal sulfates such as gypsum and barite, natural and 
synthetic silicates such as talc, zeolites, wollastonite. feldspars, argillaceous earths, such as 
China clay, crushed stone, whiskers, carbon fibres, plastics fibres or powders, and carbon 
black. Viscosity-increasing agents are in particular metathesis polymers that have olefinical- 
ry unsaturated groups and can be incorporated into the polymer during polymerisation. Such 
metathesis polymers are known and are commercially available, for example, under the 
trade name Vestenamere'. For the same purpose it is also possible to use, for example, 
poly-1 ,3-dienes such as polybutadiene, polyisoprene. polychlorobutadiene or copolymers 
with the basic dienes and one or more olefins. Such polymers are also commercially 
available, for example Buna* and Kraton*. The amount of viscosity-increasing polymers can 
b , for example, from 0.1 to 50 % by weight, preferably from 1 to 30 % by weight and, 
preferably, from 1 to 20 % by weight, based on all the monom rs present in the composi- 
tion. The viscosity-increasing agents serve simultaneously to Improve the viscous properties 
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ol the polymers. The viscosity of the composition can be adjusted to the desired applica- 
tions within a wide scope. 

The compositions according to the invention are excellently suitable for the direct prepara- 
tion of shaped articles. Although the catalyst activity is in some cases high, the individual 
components can be mixed and brought into the desired form because the catalysts dissolve 
in non-polar and polar monomers even at room temperature or with slight heating. Solubi- 
lisers (solvents such as methylene chloride, tetrahydrofuran) can be additionally used and 
are conveniently removed again before polymerisation. Besides direct preparation of 
shaped articles, It is also possible to carry out polymerisations In solution or emulsions, the 
polymers only then being further processed to shaped articles. 

In another of its aspects, this invention relates to a process for the preparation of polymers 
by metathesis polymerisation, which comprises heating a novel composition. 

The preferred meanings of the novel process are the same as-those of the novel compo- 
sitions. 

The compositions according to the invention are relatively storage-stable, but monomers 
and catalyst are expediently mixed together only just before processing. The process 
according to the invention is advantageously carried out in such a manner that shaping, for 
example to give a coating or a moulding, is combined with the mixing and takes place prior 
to the polymerisation. In principle, all known shaping procedures, for example extrusion, 
injection moulding and compression procedures, can be used. The compositions according 
to the invention are suitable especially as casting resins where appropriate with the 
application of pressure, for example as In RIM processes (Reaction injection Moulding). 

-Heating" may represent a temperature from 30 to 300'C. preferably from 40 to 300°C. 
more preferably from 50 to 250 8 C, particularly preferably from 60 to 250»C and, most 
preferably, from 60 to 200'C. The polymerisation times depend ess ntially on the catalyst 
activity and the times can vary from seconds to minutes up to several hours. The polymeri- 
sation can also be carried out stepwise with increasing temperatures. 
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Using the process according to the invention it is possible to produce materials (semi- 
finished articles) for the preparation of mouldings by means of machining techniques or to 
prepare directly alt kinds of mouldings, films, foils and coatings. The invention relates also to 
the use of the novel composition for the preparation of semi-finished articles, mouldings and 
foils. The invention relates also to mouldings made from the compositions according to the 
invention. 

Depending on the monomer used, the polymers according to the invention may have very 
different properties. Some are distinguished by a very high degree of oxygen permeability, 
low dielectric constants, good thermal stability and tow water absorption. Others have 
excellent optical properties, for example high transparency and low refractive indices. 
Special mention should also be made of the low degree of shrinkage. They can therefore 
be used in a very wide variety of technical fields. The avoidance of solvents ensures the 
production of bubble-free mouldings and coatings even at relatively high polymerisation 
temperatures. 

When used as coatings on the surfaces of support materials, in particular non-polar support 
materials, the novel compositions are distinguished by high adhesive strength. A physical 
treatment (for example plasma treatment) or chemical treatment (application of adhesion 
promoters) can further improve the adhesive strength. The coated materials are also 
distinguished by a very high degree of surface smoothness and gloss. Among their good 
mechanical properties, special mention should be made of the low degree of shrinkage and 
the high impact strength, and also the thermal stability. In addition, they can be readily 
demoulded when processed in moulds and have a high resistance to solvents. The proper- 
ties desired in final use can be adjusted selectively by way of the monomers chosen. In 
addition to rigid and resilient thermoplastic mouldings it is also possible to obtain cross- 
linked thermosetting or elastomerlc polymers. 

These polymers are suitable for the production of medical apparatus, implants or contact 
lenses; for the production of electronic components; as binders for surface-coatings; as 
photocurable compositions for model-making or as adh sives for bonding substrates having 
low surface energies (for example Teflon, polyethylene and polypropylene). 
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The compositions according to the invention are particularly suitable for the preparation of 
protective coatings on substrates or support materials. The invention relates also to a 
variant of the process according to the invention for the preparation of coatings on support 
materials in which a composition according to the invention is applied as a coating to a 
support, for example by means of Immersion spreading, pouring, rolling, knife-application 
or centrifugal moulding procedures, and the coating is heated for the purpose of polymeri- 
sation. This may be followed by heat treatment. Surfaces of substrates can be modified or 
protected using that method. 

This invention relates also to a composition consisting of (a) a support material and (b) a 
coating of a composition according to the invention which is applied to at least one surface. 

This invention relates likewise to a composition consisting of (a) a support material and (b) a 
polymeric coating of a composition according to the invention which is applied to at least 
one surface. 

Suitable substrates (support materials) are, for example, glass, minerals, ceramics, plastics, 
wood, semi-metals, metals, metal oxides and metal nitrides. The coating thicknesses 
depend essentially on the desired use and may be, for example, from 0.1 to 1000 |im, 
preferably from 0.5 to 500 jun, more preferably from 1 to 100 \>m. The coated materials are 
distinguished by high adhesive strength and good thermal and mechanical properties. 

The preparation of the coated materials according to the invention can be carried out in 
accordance with known methods, for example spreading, knife-application or pouring 
processes, such as curtain coating or centrifugal moulding. 

The compositions according to the invention are suitable also for the preparation of rubber- 
like or thermoplastic polymers which can be further crosslinked. For that purpose the 
strained cyclooiefins may contain reactive groups, for example (meth)acrylate or epoxy 
groups, which are covalently bonded to the cycloolefin directly or via a bridge group. 
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The compositions according to the invention can also be used as thermally curable 
adhesive* for firm bonding to a very wide range of materials, it being possible to achieve 
excellent peel resistance. 

In addition to having high adhesive strengths, excellent processabillty. good surface 
properties (smoothness, gloss), high crosslinking density and resistance to solvents and 
other liquids, the polymers according to the invention are also distinguished in particular by 
very good physico-mechanical properties, for example high thermal stability, breaking and 
flexural strength and impact strength, and excellent electrical properties, for example low 
conductivities, dielectric constants and (e)- and (tan 6)-loss factors. In addition, mention 
should be made of the high oxygen permeability and low water absorption. Polymers 
composed only of carbon and hydrogen are particularly valuable from the ecological stand- 
point because they can. for example, be completely recycled by pyrolysis or harmlessly 
burned. 

The following Examples illustrate the invention in more detail. 



USE EXAMPLES 

The following catalysts are used: 

[l-methyl-^-isopropylbenzenelPtCsHi^alRuOOCU (catalyst A). 
CI 2 fP(C6H n )9laRu(IV)=CH-C6H 6 (catalyst B). 
ll^ethyl-4-isopropylbenzene] P(n-butyl) 3 ] Ru(ll)CI 2 (catalyst C). 
[(1-methyl-4-lsopropylbenzene)RuCy 2 (catalyst D). 
CI 2 rP(iso-C 3 H 7 )3]2Ru(IV)=CH-C 6 H 8 (catalyst E). 
CI 2 p(cyclohexyl)3]2Ru(IV)«CH-(4-isopropylphenyl) (catalyst F). 
CI 2 p(cyclohe)cyl)3]2Ru(l\0=CH-(4-tert-butylphenyl) (catalyst G). 

Abbreviations: 

DCPD: dtoyclopentadien 

DSC: differential scanning calorimetry (heating rate 10'C/min) 
TGA: thermogravimetric analysis (heating rate 10°C/min) 
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WL weight loss of polymer powders in % in the temperature range from room temperature 
to 300 °C determined by TGA 

SWE: swelling in toluene (increase in weight in % after 24h storing in toluene) 

REA: reactivity AH determined by DSC On J/g) - 

T g : glass transition temperature (°C) 

CAT: catalyst in % by weight, based on monomer, e.g. DCPD 

n.d.: not determined 

RT: room temperature 

Examples 1-6: 

20 g of DCPD (technical quality, produced by Shell) are degassed for 3 min under vacuum 
(3x10 s Pa) at 45 °C shortly before the catalyst is added. The catalysts are then added and 
dissolved. If CH 2 CI 2 is used as solubiliser, the mixture is subsequently degassed again 
under vacuum and CH 2 Ci 2 is removed. The composition is polymerised in a pill glass, curing 
cycle: 1h at 80 °C, 1h at 100 °C and 2h at 120 °C. 

The reactivity (AH) and glass transition temperature are determined by DSC. The weight 
loss is determined by TGA and swelling is determined gravimetrically. The results are 
summarised in Table 1. 
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Table 1: 




Example 7: 

Example 1 is repeated, but using catalyst C. The results are summarised in Table 2. 
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Table2: 



Fxamnle 


CATC 


CAT 
B 


AH 


To 


WL 


SWE 


Remarks 


prim na ri<*ri n 

comparison 
comparison 

comparison 


tin in 0 5 


0.1 
0.05 

0.025 


288 
n.d. 

n.d. 


39 
<RT 

<RT 


19.5 
>30 

>30 


94 
n.d. 

n.d. 


no polymerisation 
soft solid 
incompletely 
polymerised 
incompletely 
polymerised 


7 


0.15 


0.05 


n.d. 


<20 


n.d. 


n.d. 


soft rubber, strong 
smell of DCPD 


Examples 7 and 8: 

Example 1 is repeated, but using catalyst D. The results are summarised in Table 3. 


Table 3: 
















Example 


CATD 


CAT 
B 


AH 


T 9 


WL 


SWE 


Remarks 


comparison 
comparison 
comparison 

comparison 


up to 0.5 


0.1 
0.05 

0.025 


288 
n.d. 

n.d. 


39 
<RT 

<RT 


19.5 
>30 

>30 


94 
n.d. 

n.d. 


no polymerisation 
soft solid 
incompletely 
polymerised 
incompletely 
polymerised 


7 


0.1 


0.1 


286 


61 


11.1 


n.d. 


soft solid 


8 


0.15 


0.05 


258 


28 


19.5 


n.d. 


soft solid 



Examples 9-14: 

Example 1 is r peated, but using the catalyst and monomers indicated in Table 4. The 
results are given in Table 4. 
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Monomers used 

a : tetracyclododecene (TD) (k jY J 



p : cyclohexenylnorbornene (CN) (endo/exo-mixture) 



" :DCP ° 



Table 4 



Example 


Mono- 
mer 


1. CAT 

. m 


2. CAT 
[%] 


rq 


WL 
l%] 




comparison 
comparison 
comparison 
comparison 

9 

10 


a 
a 
a 
a 
a 
a 


E; 0.02 
F; 0.02 
A; 0.15 
A; 0.02 
E; 0.02 
R0.02 


A. 0.15 
A; 0.15 


<25 
118 
130 
177 
174 


18.1 
11.8 
14.7 
13.3 


not polymerised 
yellow rubber 
polymerised 
polymerised 
polymerised 
polymerised 


comparison 
comparison 
comparison 
comparison 

11 

12 


p 
p 
p 
p 
p 
p 


E; 0.02 
F;0.02 
A; 0.50 
A; 0.15 
E; 0.02 
F;0.02 


A; 0.15 
A; 0.15 


<25 
<25 
96 
79 
94 
84 


5.9 
3.1 
4.7 


yellow rubber 
yellow rubber 
polymerised 
polymerised 
polymerised 
polymerised 


comparison 
comparison 
comparison 

13 

14 


7 
7 
7 
7 
7 


E; 0.05 
F; 0.05 
A; 0.15 
E.0.05 
F; 0.05 


A; 0.15 
A; 0.15 


<25 
<25 
<25 
60~ 
73 


7.8 
| 8.0 


yellow rubber 
. yellow rubber 
yellow rubber 
polymerised I 
polymerised | 



WO 97/38036 



-41 - 



PCIYEP97/01579 



Example 15: 

A large condenser (paper/AI foil) is predried overnight at 80°C under high vacuum in a 
desiccator. 

A mixture of 1 .2 kg of degassed DCPD (technical quality, produced by Shell) is mixed with 
2.4 g (0.2 %) of catalyst A and 1 .2 g (0.1%) of catalyst G and this mixture is poured to the 
condenser in a 2 L beaker glass. The mixture is then degassed at room temperature and 
0.2 mbar for about 20 minutes and then cured in an oven: 1 hour at 50*C, 1 hour at 60°C, 
and 1 hour at 70°C. The highly viscous formulation is then postcured for 15 hours at 70°C. 
giving a solid brown material having good condensing properties. 
The T 0 value determined by DSC is 33°C. The weight loss determined by TGA is 27%. 
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What is claimed is: 

1 . A mixture of at least one thermal carbene-free ruthenium catalyst A and at least one ther- 
mal ruthenium carbene catalyst B, both of which initiate the ring-opening metathesis poly- 
merisation on their own. said catalysts being present in a weight ratio of A to B fromlO :1 to 
1:10. 

2. A mixture according to claim 1. wherein the ruthenium catalyst A is a compound having 
one or two ruthenium atoms. 

3. A mixture according to claim 2, wherein the carbene-free ruthenium catalyst A is a 
compound of formula XI 



Ru .Ru CH) i 



wherein Xooi Is a, Br or I, preferably CI. and T«n is unsubstituted or d-C 6 alkyl-substituted 
Ce-Ciearene or C 4 -Ci7heteroarene. 

4. A mixture according to claim 1 . wherein the ruthenium catalyst A contains a phosphine 
ligand. 

5. A mixture according to claim 4, wherein the ruthenium catalyst A is a divalent-cationic 
compound containing at least one phosphine ligand and a total of 2 to 5 ligands bonded to 
the ruthenium atom and which contains acid anions for charge equalisation. 

6. A mixture according to claim 4, wherein the phosphine ligand conforms to formulae VII 
and Vila 



(VII). 
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wherein Ras, R27 and R 28 are each independently of one another H, d-Ca>alkyl. d-Qjo- 
alkoxy; C.rC n2 cycloalkyl or cycloalkoxy which is unsubstituted or substituted by d-Cealkyl, 
C n -C 6 haloalkyl or d-Csalkoxy, or C6-C ie ary! or C^Cuaryloxy which is unsubstituted or sub- 
stituted by CrGtakyl. C-Cehaloalkyl or d-Cealkoxy, or Crdcaralkyl or C7-C 16 aralkyioxy 
which is unsubstituted or substituted by d-C 6 alkyl, d-C«haloalkyl or d-Cealkoxy; and 
Rar together are tetra- or pentamethylene or tetra- or pentamethylenedioxyl, each of which 
is unsubstituted or substituted by C-Ce-alkyl, C,-C 6 haloalkyl or d-Cealkoxy, or tetra- or 
pentamethylene or tetra- or pentamethylenedioxyl, each of which is unsubstituted or 
substituted by C-Cealkyl. d-Cehaloalkyl or d-C«-alkoxy and condensed with 1 or 2 1 ,2- 
phenylene, or tetramethylenedioxyl which is unsubstituted or substituted by C,-C 6 alkyl. d- 
C 6 haloalkyl or d-Cealkoxy and condensed in the 1 ,2- and 3,4-positions with 1 ,2-phenylene, 
and Ra» is as defined above; and 

Z, is linear or branched, unsubstituted or C,-C 4 alkoxy-substituted C 2 -C 12 alkylene 1 unsub- 
stituted or d-dalkyl- or d^alkoxy-substituted 1 ,2- or 1 ,3-cycloalkylene of 4 to 8 carbon 
atoms, or unsubstituted or C,-C 4 alkyl- or d^lkoxy-substituted 1,2- or 1 ,3-heterocyclo- 
alkylene having 5 or 6 ring members and a hetero atom selected from the O or N group. 

7. A mixture according to claim 1 . wherein the ruthenium compound A conforms to one of 
formulae VIII to Vllld 



RaaLiMe^f/lah 


(VIII), 


Razl^LaMe^COam 


(Villa), 


(Ra^Me 2 *^*,, 


(Vlllb), 


(FMsLiMe 2 ^^ 


<Y»lc), 


RaztLOzMe^G^z/n 


(Vllld). 



wherein 
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R32 is a phosphine ligand of formula VII or Vila; 
Me is Ru; 
n is 1,2 or 3; 

Z is the anion of an inorganic or organic acid; - 

(a) L, is a ligand of group A, L, in formula Vlld being identical or different, and . 

(b) L 2 is a ligand of group B. 

8. A mixture according to claim 1 , wherein the ruthenium compound A conforms to one of 
formulae IX to IXd 



(RaeRazRaflPJLiMe^fZ, 1 -)^ 1 


(IX). 


(R 26 R Z7 R28P)aLiMe 2+ (Z 1 1 -)Z2- 1 


OXa). 


(R^RaPJUUMe^fZ, 1 -)^* 1 


(IXb), 


(R 26 R27R28P)3LiMe a+ (Z 1 , ')Z2 1 


(IXc), 


(RasRwRfflPJMaMe 2 *^ 1 ^" 1 


(IXd), 



wherein 
Me is Ru; 

Z, and Za are each independently of the other H", cyciopentadienyl, CI", Br', BF 4 \ PFe. 
SbFe, AsFb. CFaSOs*. CerVSCY , 4-methyl-C6HrS03\ S.S-dimethyl-CeiVSO,-, 2,4,6-tri- 
methyi-CeHs-SOa or 4-CF 9 -C 6 HrSO a '; 

R*. Hz, and R* are each independently of one another C-Calkyl, or cydopentyl or cycle 
hexyl or cyclopentyloxy or cyclohexyloxy. each of which is unsubstituted or substituted by 
1 to 3 C^alkyl, or phenyl or benzyl or phenyloxy or benzyloxy. each of which is unsub- 
stituted or substituted by 1 to 3 C r C4alkyl; 

L, is Ce-Cearen or Cs-C«heteroarene which is unsubstitut d or substituted by 1 to 3 C- 
C^lkyl, C^alkoxy, -OH, -F or CI, or d-Cealkyl-CN, benzonitrile or benzylnitrile, L, in 
formula IXd being identical or different; and 
l_2 is H 2 0 or Ci-Cealkanol. 
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9. A mixture according to claim 1, wherein the ruthenium carbene catalyst B conforms to 
formula X or Xa or to mixtures of compounds of formulae X and Xa, 



wherein 

Me is ruthenium; 

Ti and T 2 are each independently of the other a tertiary phosphine, or 1, and T 2 together 
are a ditertiary diphosphine; 

T a is H, d-Cnaalkyl; CVCscycloalkyl. CVCrheterocycloalkyl having one or two hetero atoms 
selected from the group consisting of -0-, -S- and -N-, C 6 -C 14 aryl, or C-Csheteroaryl having 
one to three hetero atoms selected from the group consisting of -0-, -S- and -N- , which are 
unsubstituted or substituted by Ci-Ci2alkyl, Ci-C«haloalkyi, Ci-C 12 alkoxy, Ce-Cioaryl, Cs-Cio- 
aryloxy -N0 2 or halogen; 

T 4 is C r e ie arene or C 4 -Ci 5 heteroarene which is unsubstituted or substituted by 1 to 3 d-G,- 
alkyl, C r C 4 haloalkyl, C r C4alkoxy, -OH, F, CI or Br, and 
X01 and X02 are each independently of the other halogen. 

10. A mixture according to claim 1 , wherein the ruthenium carbene catalyst B conforms to 
formulae Xb and Xc 





Cl 



CI 



Me{IV)=CHT a 
P(R 2fl ) 3 



(Xb), 
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(R^P— MejIV) **= 

CI CI P(R29) 3 




CHT 3 



wherein Me is Ru, R» is a-branched Ca-Ceaikyl. Cs-Ceycloalkyl which is unsubstituted or 
substituted by d-C«alkyl. Ci-CihaloalkyI, C^lkoxy. halogen or -N0 2l or Cs-Cioaryl which 
is unsubstituted or substituted by C,-C 4 alkyl, C-C^aloalkyl, d-C^alkoxy, halogen or -N0 2 . 
T 3 is H. C-Csalkyl, Cs-CsCycloalkyl which is unsubstituted or substituted by Ci-C 4 alkyl, Ci- 
C4haloalkyl, d-dalkoxy, halogen or -N0 2f or Ce-Cioaryl which is unsubstituted or substitu- 
ted by d-C^alkyl, Ci^haloalkyl. Ci-C4alkoxy, halogen or-N0 2 , and T 4 is phenyl or phenyl 
substituted by 1 to 3 Qi-C^alkyl. 

1 1. A composition consisting of (a) at least one strained cycloolefin and (b) a catalytically 
effective amount of a mixture of at least one thermal carbene-f ree ruthenium catalyst A and 
at least one thermal ruthenium carbene catalyst B. both of which initiate the ring-opening 
metathesis polymerisation on their own, said catalysts being present in a weight ratio of Ate 
B from 10:1 to 1:10. 

12. A composition according to claim 1 1 , wherein the mixture is present in the composition 
in an amount from 0.05 to 0.3 % by weight, based on the amount of the cycloolefins 



13. A composition according to claim 1 1 , wherein the cycloolefin conforms to formula 



present. 




CH 



,CQ 2 



00. 



wherein 
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Q, is a radical having at least one carbon atom which, together with the -CH=CQ 2 - group, 
forms an at least 3-membered aiicyclic ring which may contain one or more than one 
hetero atom selected from the group consisting ol Si, P, O, N and S; and which is 
unsubstituted or substituted by halogen, =0, -CN, -N0 2 , RiR 2 R 3 Si-(0) u -, -COOM, 
-S0 3 M, -P0 3 M, -COO{M,),/2. -SOatM,)*, -POatMOia, d-Czoalkyl, d-dohydroxyalkyl, 
d-Caohaloalkyl. d-dcyanoalkyl, Cs-Cacycloalkyl. drdearyl, Crdearalkyl, C 3 -C 6 - 
heterocycloalkyl, d-deheteroaryl, Grdeheteroaralkyl or by R.-X-; or wherein two 
adjacent carbon atoms, when present, are substituted by -CO-O-CO- or by 
-CO-NRs-CO-; or wherein an aiicyclic, aromatic or heteroaromatic ring has been fused 
to adjacent carbon atoms of the aiicyclic ring, the former ring being unsubstituted or 
substituted by halogen, -CN, -NO* ReRyReSMO),,-, -COOM, -SO3M, -POgM, 
-COO(M,) 1/2 , -S03(M,)i/2, -POatM^ic, d-Caoalkyl, d-dohaloalkyl, d-Cahydroxyalkyl, 
d-CfiCyanoalkyl, d-dcycloalkyi, Crdearyl, C7-C 1B aralkyl. Ca-Ceheterocycloalkyl, d- 
C 16 heteroaryl, C 4 -C,6heteroaralkyl or by Ria-X r ; X and X* are each independently of 
the other 0-. -S-, -CO-. -SO-. -Spa-, -0-C(0)-, -C(0)-0-, -C(0)-NRr, -NR 10 -C(O)-, 
-SO2-O- or -O-SOz-; Ri, R2 and R* are each independently of one another C,-C 12 alkyl, 
d-C 12 perfluoroalkyl, phenyl or benzyl; R, and R13 are each independently of the other 
C-Caoalkyl, d-dohatoalkyl, d-dohydroxyalkyl, d-Cecycloalkyl. d-dsaryl or Crde- 
aralkyl; R 5 and R w are each independently of the other hydrogen, d-dzalkyl, phenyl 
or benzyl, the alkyl groups in turn being unsubstituted or substituted by d-daalkoxy 
or by d-Cscycloalkyl; R* R/ and Re are each independently of one another d- 
d2alkyl, Ci-d2perfluoroalkyl. phenyl or benzyl; M is an alkali metai and M t is an 
alkaline earth metal; and u is 0 or 1 ; it being possible for the aiicyclic ring formed with 
Q, to contain further non-aromatic double bonds; 
Q 2 is hydrogen, d-doalkyl, d-dohaloalkyl, Ci-C,2alkoxy, halogen, -CN or Rn-Xz- , 
wherein R„ is d-doalkyl. d-dohaloalkyl, d-dohydroxyalkyl, Qrdcycloalkyl, 
Ca-Ciearyl or Crdearalkyl, and Xa is -C(0)-0- or -C(0)-NR 12 - , wherein R 12 is 
hydrogen, d-d2alkyl. phenyl or benzyl; 
the above-mentioned cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl and heteroaralkyl 
groups being unsubstituted or substituted by Ci-C 12 alkyl, d-d2alkoxy. -NO2. -CN or by 
halogen, and the hetero atoms of the above-mentioned heterocycloalkyl, heteroaryl and 
heteroaralkyl groups being selected from the group consisting of -0-, -S-, -NR 9 - and -N=; 
and R a is hydrogen, C,-C 12 alkyl, phenyl or benzyl. 
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1 4. A process for the preparation of polymers by ring-opening metathesis polymerisation, 
which comprises heating a composition according to claim 1 1 . 

1 5. A composition consisting of (a) a support material and (b) a coating of a composition 
according to claim 1 , which is applied to at least one surface. 

1 6. Use of the mixture according to claim 1 as thermal catalyst for the ring-opening 
metathesis polymerisation of strained cycloolefins. 
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